Abstract Expression of protein tyrosine phosphatase PTP4A2 (also known as PRL2) has been examined in a variety of human carcinomas, although its role in breast cancer remains inconclusive. Since the majority of previous breast cancer studies utilized tissue biopsies composed of heterogeneous cell populations, we hypothesized that an examination of PTP4A2 expression in carcinoma cells isolated by laser capture microdissection (LCM) would provide a more accurate means of assessing its predictive value. From investigations of 247 human breast cancer biopsies collected under standardized, stringent conditions, total RNA was extracted from LCM-procured carcinoma cells to perform microarray analyses to identify gene signatures associated with breast cancer behavior. Expression of PTP4A2 was corroborated by real-time quantitative polymerase chain reaction (qPCR) and referenced to estrogen and progesterone receptor levels. Patient outcomes for overall and disease-free survival were more favorable (p=0.004 and p=0.001, respectively) when the expression of PTP4A2 in breast carcinomas was increased compared to patients with biopsies with decreased PTP4A2 levels. PTP4A2 expression determined either by microarray or qPCR was elevated in either estrogen receptor (ER)-positive or progestin receptor (PR)-positive breast cancer biopsies compared to ER-negative or PR-negative biopsies. However, PTP4A2 expression was only correlated with overall survival in PRpositive breast carcinomas. These data suggest that PTP4A2 mRNA expression alone may serve as a biomarker for prediction of a breast cancer patient's risk of recurrence and overall survival.
Introduction
Carcinoma of the breast is a prevalent disease in which genomic approaches are investigated in anticipation of improving diagnosis, treatment, and prevention. As a major health concern, it is the most predominant form of cancer in women in the USA. The American Cancer Society estimates that over 230,000 new cases of breast cancer will be diagnosed in 2012, and almost 40,000 deaths in women will be due specifically to breast cancer, the second highest mortality of all cancer types. It is estimated that 12 % of women born in the USA today will be diagnosed with breast cancer at some point in their lives [1] .
Applying genomic and proteomic approaches to investigations of human cancer are often complicated by a lack of standardization in protocols for tissue collection and handling, as well as reliable methods for extracting, purifying, amplifying, and analyzing RNA for gene expression profiling under RNase-free and protease-free conditions. These problems are compounded by the cellular heterogeneity of breast tissue biopsies that are composed of carcinoma cells as well as infiltrating endothelial cells, fibroblasts, macrophages, and lymphocytes, to mention a few [2] [3] [4] . Many studies established that stroma surrounding carcinoma cells provides the necessary vascular support and extracellular matrix molecules that are required for tumor growth and progression [5] [6] [7] [8] [9] [10] [11] .
Collection and processing of human tissue biopsies have served primarily for clinical diagnosis and staging of patients with little emphasis on preservation of tissue for genomic and proteomic analyses. Cellular heterogeneity of the tissue section often complicates studies with intact tissues, which may generate misleading findings [2, 4, [12] [13] [14] . Therefore, a need was identified to develop a reproducible method to obtain homogeneous cell populations from normal tissue or from cancer biopsies in order to obtain accurate information from molecular analysis. Laser capture microdissection (LCM) provides a rapid and nondisruptive method for procuring homogeneous cell populations for biochemical and molecular biological analyses [2, 3, 15] . Numerous studies employed LCM to isolate specific cell types from heterogeneous specimens for either genomic or proteomic analyses [5-7, 14, 16-19] , which allows a focused evaluation of molecular processes involved within the cancer cells themselves.
Increased expression of estrogen receptors (ERα) in human breast cancers is well documented to be an indicator of increased overall and disease-free survival [20, 21] as well as a predictor of response to endocrine therapy [21] [22] [23] [24] . There is also an inverse relationship with EGFR expression [24] [25] [26] , tumor grade, and lymph node involvement, indicating alternative mechanisms for aggressive growth of certain estrogen receptor (ER)-positive tumors. Progestin receptor (PGR) is one of many estrogen-responsive genes expressed in both normal and neoplastic breast epithelia, which is also a clinical biomarker with significant prognostic value in breast cancer management [22, 23, 27, 28] . In general, patients with primary breast carcinomas exhibiting both ER and progestin receptor (PR) have a better prognosis than those with ER−/PR− cancers. Although the relationship between either ER+/PR− or ER−/PR+ tumors with prognosis is unclear, some studies suggest that ER/PR expression is related to cross-talk with growth factor receptor signaling [29] .
Protein tyrosine phosphatases (PTPs) represent a large family of enzymes that are implicated in multiple cellular processes, including proliferation, growth, and apoptosis [30] . Although many studies have demonstrated increased PTP expression in breast cancer compared to normal tissues [31] [32] [33] [34] , the causal role linking it to cancer development and progression remains largely open to interpretation.
Protein tyrosine phosphatase 1B (PTP1B) was the first PTP to be identified [35] . It is widely expressed and has been implicated in multiple signaling pathways [36, 37] . Mouse knockout studies have long demonstrated its role in metabolism [38] [39] [40] [41] . However, more recent studies have identified an important role in breast cancer as well [42] [43] [44] . PTP1B seems to play a positive role, possibly via activation of the Ras and Src signaling pathways [45] [46] [47] . Interestingly, increased PTP1B expression was reported in one third of human breast cancers and indicated poor prognosis of these patients [34] .
Another group of PTPs implicated in cancer includes the PTP4A/PRL subfamily that currently comprises PTP4A1 (PRL-1), PTP4A2 (PRL-2), and PTP4A3 (PRL-3). Of these three, PTP4A2 appears to correlate with breast cancer tumor formation and progression [48] . The authors demonstrated that overexpression of PTP4A2 could induce ErbB2-induced mouse mammary tumorigenesis. Furthermore, they showed that PTP4A2 expression was increased in breast tumor specimens compared to normal tissue, albeit with a small sample size (n=7). In contrast, another study examined the prognostic significance of PTP4A2 in breast cancer and concluded that PTP4A2 expression did not differ between neoplastic and nonneoplastic human breast cancer tissue specimens [33] . However, LCM was not performed, and PTP4A2 levels were not correlated with other disease parameters. Thus, in order to better evaluate the clinical significance of PTP4A2 in disease outcome of breast cancer patients, we assessed expression of the gene by microarray and by quantitative polymerase chain reaction (qPCR) analyses in biopsies tissues from breast cancer patients. In addition, we also examined relationships with estrogen and progestin receptor status.
Materials and Methods
Using an IRB-approved database and biorepository composed of de-identified specimens previously collected under stringent conditions [28] for clinical assays of ER and PR, tissue sections of primary invasive ductal carcinomas obtained from 1988 to 1996 were examined using the REMARK criteria [49] . Patients were treated with the standard of care at the time of diagnosis. Tissue-based properties (e.g., pathology, grade, size, and tumor marker expression) and patient-related characteristics (e.g., age, race, smoking status, menopausal status, stage, and nodal status) were utilized to determine relationships between gene expression and clinical parameters.
Carcinoma cells were procured from 247 frozen breast cancer tissue specimens (Table 1) using the PixCell IIe (Arcturus) LCM instrument and workstation using protocols established in our laboratory (cf [4] ). A retrospective analysis of gene expression was also performed on intact frozen tissues from 233 biopsies of invasive ductal carcinoma (Table 2) . Tissue sections utilized for these analyses contained a median of 60 % breast carcinoma cells (range of 10-95 %) and 25 % stromal cells (range of 5-65 %).
Estrogen Receptor and Progestin Receptor Levels ER and PR protein levels were determined using either enzyme immunoassay (EIA) or radiolabeled ligand binding assay [24, 28, 50] . Briefly, both methods utilized chilled/frozen specimens that were sliced carefully with a scalpel on a Petri dish chilled on a frozen ice pack to maintain receptor integrity and then homogenized with a mass-to-buffer ratio of 100 mg wet weight of tissue per 1.0 ml of 40 mM Tris-HCl buffer, pH 7.4, containing 1.5 mM EDTA, 10 % glycerol, 10 mM sodium molybdate, 10 mM monothioglycerol, and 1 mM PMSF [28] . Extracts were prepared by centrifugation at 100,000×g for 30 min.
A complete ligand binding assay was comprised of duplicates of six increasing concentrations of radiolabeled [ 3 Hestradiol-17β] with and without unlabeled diethylstilbestrol in a titration format [28, 50] . Reactions were incubated overnight (12-18 h) at 4°C. Unbound ligand was removed [28, 50] . This protocol utilized beads coated with anti-ER monoclonal antibodies which were incubated with the tissue extracts [28, 50] . Unbound materials were aspirated and washed, before the bead-associated receptor protein was incubated with antireceptor antibodies conjugated with horseradish peroxidase. Color was developed and measured with a spectrometer at a wavelength of 492 nm. The receptor level (mass) was expressed as femtomole per milligram cytosol protein.
RNA Isolation and qPCR Analysis
Total RNA from LCM-procured cells was isolated using PicoPure® (Arcturus/Life Technologies) kits, which are optimized for extracting RNA from cells procured by LCM. RNA in intact tissue sections, extracted with RNeasy® (Qiagen, Valencia, CA) kits, was analyzed prior to proceeding with LCM by utilization of the Bioanalyzer TM instrument and reagents (Agilent Technologies, Palo Alto, CA), which estimates the integrity of total RNA through analysis of the 18S and 28S rRNA profiles given by electrophoretic separation, and a RNA integrity number which provides a numerical estimate of RNA integrity of the sample. Total RNA from either intact tissue sections or LCM-procured cells was reverse transcribed, and cDNA obtained was diluted tenfold in 2 ng/μl polyinositol (Sigma) and used for the qPCR reactions. qPCR reactions were performed using a total volume of 10 μl, containing Power Sybr® Green PCR Master Mix (Applied Biosystems), forward/reverse primers, and cDNA obtained from the reverse transcription reaction. Primers were designed using Primer Express® 3.0 (Applied Biosystems). Relative gene expression analyses were performed using the ΔΔCt method using β-actin (ACTB) as a reference gene. Expression of genes was compared to those present in Universal Human Reference RNA (Stratagene, La Jolla, CA) in order to obtain a relative expression level of target gene produced.
Statistical Analyses
T tests and analysis of variance were performed either in Microsoft® Excel or GraphPad Prism® version 5 (GraphPad Software, La Jolla, CA). Box and whisker plots and Kaplan-Meier survival curves were generated in GraphPad Prism® version 5. Univariate and multivariate Cox regressions were performed with SPSS® Statistics 20 (SPSS Inc., Chicago, IL) for correlations with disease-free (DFS) and overall survival (OS). Survival calculations were performed using log 2 transformations of relative gene expression data.
MCF-7 Cell Culture Experiments
The MCF-7 breast cancer cell line was obtained from the American Type Culture Collection (Virginia) and maintained in DMEM supplemented with 10 % FBS. Cells were serum starved for 24 h, followed by treatment with 10 nM estradiol-17β for 6 or 24 h. Cells were washed once with PBS, followed by RNA extraction and cDNA synthesis as described above.
Results

Clinical Outcomes Using Microarray Results of LCM-Procured Breast Carcinoma Cells
Analyses of LCM-procured cells from primary breast cancer lesions have yielded encouraging results regarding the relationship between PTP4A2 expression and risk of breast cancer recurrence. Kaplan-Meier analyses and Cox regressions were utilized to identify associations of PTP4A2 expression with metastatic spread and patient survival. Figure 1 illustrates Kaplan-Meier plots using the microarray data of LCM-procured carcinoma cells from primary breast cancer biopsies of 247 patients. The plot for OS (Fig. 1b) showed separation of the survival curves (p=0.05, 95 % confidence interval (CI) of hazards ratio (HR), 0.99-2.47) when the patient population was stratified by the median PTP4A2 gene expression levels in breast carcinoma biopsies. However, DFS for the patient population (indicating time until disease recurrence) was not statistically significant (p=0.27) when the same PTP4A2 cutoff value was employed in the Kaplan-Meier analysis (Fig. 1a) . The latter result was confirmed by Cox regression (p=0.10, HR= 0.78). These results suggest that elevated PTP4A2 gene expression appears to correlate positively with increased overall survival of breast cancer patients.
Since a patient's treatment regimen can affect the survival outcomes observed, additional survival curves were composed of patients that did not receive a particular therapy (i.e., hormone therapy, chemotherapy, or radiation therapy). When patients who had not received hormone therapy were stratified by PTP4A2 gene expression levels in LCMprocured carcinoma cells (Fig. 2a, b) , the curves for DFS and OS were separated (DFS p=0.02, 95 % CI of HR 0.33-0.91; OS p=0.01; 95 % CI of HR 0.28-0.86). Similarly, when patients who had not received chemotherapy were stratified by PTP4A2 expression levels, the Kaplan-Meier curves for DFS and OS (Fig. 2c, d ) were separated. However, differences in survival were observed only for OS (DFS p=0.11; OS p =0.03; 95 % CI of HR, 0.26-0.93). Finally, when patients who had not received radiation therapy were stratified by PTP4A2 expression levels ( CI of HR 0.32-0.99). These results clearly indicate that the observed differences in survival were not due solely to patient treatment modalities.
Association of PTP4A2 Expression by Microarray, ER or PR Status, and Clinical Parameters
The levels and distribution of PTP4A2 in LCM-procured carcinoma cells are illustrated in Fig. 3a . To assess the relationship of PTP4A2 expression and either ER or PR protein levels, results from microarray analyses of PTP4A2 present in the LCM-procured carcinoma cells were examined as a function of the levels of the two conventional biomarkers (Fig. 3b) , without regard to clinical outcome. PTP4A2 expression was significantly elevated in patients with ER+ tumors compared to those with ER− tumors (p <0.001, Fig. 3b) . Similarly, PTP4A2 gene expression levels were elevated considerably in patients with PR+ tumors compared to those with PR− cancers (p<0.001, Fig. 3b ). Additional supporting results were observed when comparing gene expression levels of PTP4A2 with ESR1 and PGR expression (ESR1 Pearson correlation of 0.44, p<0.001; PGR Pearson correlation of 0.44, p < 0.001). Although differences in PTP4A2 gene expression were noted in patients with carcinomas exhibiting differing hormone receptor protein levels, no differences in patient survival were noted when the population was stratified either by ER or PR status of the tumor prior to assessment of PTP4A2 levels (Figs. 4 and 5 ).
To further investigate the relationship of ER and PR status within a patient's tumor with PTP4A2 gene expression, additional Cox regression survival analyses were performed. Of the 150 patients with ER+ tumors, 122 were ER+/PR+ and 28 were ER+/PR−. Patients that had ER+ tumors (regardless of PR status) did not show a correlation of PTP4A2 levels with survival (DFS p=0.43; OS p=0.68). Also, PTP4A2 levels in patients with ER+/PR+ or ER+/PR− tumors were not correlated with survival (ER+/PR+ DFS, p=0.65, OS, p=0.83; ER+/PR− DFS, p=0.83, OS, p=0.92).
To evaluate the association of PTP4A2 levels with various clinical parameters, PTP4A2 gene expression levels were compared to nodal status, tumor grade, size, stage, and treatment regimen. There was no significant difference in PTP4A2 levels in patients with differing therapies (Supplementary Fig. 11a, c, and e) . Levels of PTP4A2 decreased with increasing tumor grade (p=0.02, Fig. 3c) , while correlation to the other clinical parameters was not statistically significant ( Supplementary Fig. 12a-d) . results suggest that elevated PTP4A2 gene expression correlates positively with increased overall survival, as well as disease-free survival. Since a patient's treatment regimen may affect the survival outcomes observed, additional survival curves were prepared with patients that did not receive a particular therapy (i.e., hormone therapy, chemotherapy, or radiation therapy). When patients not receiving hormone therapy were stratified by PTP4A2 gene expression levels in breast carcinoma tissue biopsies (Fig. 7a, b) , the differences in patient survival were similar to those observed in the entire population (DFS p=0.002, 95 % CI of HR 0.69-0.72; OS p=0.03, 95 % CI of HR 0.29-0.94). When patients not receiving chemotherapy were stratified by PTP4A2 expression levels (Fig. 7c, d ), no statistically significant differences on DFS or OS were observed. When patients who had not received radiation therapy were stratified by PTP4A2 expression levels, no statistically significant difference in DFS was observed (Fig. 7e) . However, the same patients exhibited a statistically significant difference for OS (Fig. 7f, p=0 .008, 95 % CI of HR 0.28-0.83) when stratified by PTP4A2 expression levels. These results clearly suggest that the differences in patient survival observed were not due solely to patient treatment modality.
The levels and distribution of PTP4A2 in LCM-procured carcinoma cells are illustrated in Fig. 8a . Since both ER and PR in a breast carcinoma serve as biomarkers of a patient's prognosis and likelihood of responding to hormonal therapy such as tamoxifen [24, 28] , the relationship between PTP4A2 expression validated by qPCR in intact tissue sections was determined in regard to either ER or PR status of the cancer biopsy. Similarly, to that observed in the patient population whose breast carcinoma cells (procured by LCM) were analyzed by microarray, ER+ breast cancers exhibited significantly elevated levels of PTP4A2 mRNA compared to ER− breast cancers (p<0.001, Fig. 8b ). This interesting association was also observed for PR+ tumors (p<0.001, Fig. 8b ) in that PTP4A2 mRNA levels were increased compared to that of PR− breast biopsies. These results using protein levels of ER and PR were corroborated when associations of the gene expression levels of the three analytes, PTP4A2 with ESR1 or PGR, were examined. A correlation of PTP4A2 mRNA levels between either receptor gene was observed (ESR1 Pearson correlation of 0.66, p<0.001; PGR Pearson correlation of 0.50, p<0.001).
To evaluate the association of PTP4A2 levels with various clinical parameters, PTP4A2 gene expression levels were compared to nodal status, tumor grade, size, stage, and treatment regimen. Levels of PTP4A2 measured by qPCR were significantly correlated to nodal status (p =0.004, Fig. 8c ) and tumor grade (p=0.04, Fig. 8d ), while relationships with the other clinical parameters were not statistically significant ( Supplementary Fig. 12e-h ). There was a significant difference in PTP4A2 levels in patients receiving chemotherapy and radiation therapy ( Supplementary Fig. 11d,  f) . This is more likely an indirect effect due to associations of PTP4A2 levels with other clinical parameters indicating poor prognosis (nodal status and grade, as described in Supplementary Fig. 12 ), since all treatments were administered to the patients after tissue collection.
Clinical Utility of PTP4A2 Expression in Breast Carcinomas Exhibiting Different Steroid Receptor Status
Building upon the findings described above for qPCR measurements of PTP4A2, the clinical utility of determining mRNA levels of the putative biomarker was assessed in patients with breast carcinomas exhibiting different ER or PR levels. The ER and PR protein cutoff values used to assign receptor status that were employed in the KaplanMeier analyses were those approved by the FDA [28, 50] . As shown in Fig. 9 , although there appeared to be a survival advantage in DFS and OS of breast cancer patients with PTP4A2 levels expressed above the median compared to those with below median expression, the results were not statistically significant when comparing ER statuses. Similar results were observed when clinical outcomes were compared in patients with PTP4A2 mRNA levels in relation to PR protein status (Fig. 10) , with one exception (Fig. 10b) . Breast cancer patients exhibiting an elevated expression of PTP4A2 mRNA levels in biopsies containing PR exhibited highly significant overall survival (p=0.014, 95 % CI of HR 0.25-0.85, Fig. 10b ). These preliminary results suggest that measurements of PTP4A2 expression levels in PR+ breast cancers aid greatly in identifying patient subtypes exhibiting different risks of recurrence.
In the 233 patients with intact breast cancer tissues analyzed by qPCR, PTP4A2 was significantly associated with DFS and OS (p=0.004 and p=0.001, respectively). Within the 150 patients with ER+ tumors, 133 were ER+/PR+ and 17 were ER+/PR−. Cox regression analyses were performed in each of the three groups with the following results: (1) ER+ (regardless of PR status): DFS p=0.027, OS p=0.023; (2) ER+/PR+: DFS p=0.16, OS p=0.06; (3) and ER+/PR−: DFS p=0.08, OS p=0.45. There does not appear to be a difference between the tumor marker profiles typically associated with the luminal A and B subtypes of breast cancer in either of the patient populations investigated (LCM-procured cells were analyzed by microarray or intact tissue analyzed by qPCR). However, this may be due to the small population size of the ER+/PR− subgroup (microarray n=28 and qPCR n=17) compared to the ER+/PR+ population (microarray n=150 and qPCR n=150).
In an effort to understand any potential relationship of PTP4A2 expression with the presence of estrogen receptors, we utilized the online software tool Dragon ERE Finder, version 3.0 [51] . When the promoter region of PTP4A2 was used as the input sequence, no ERE sequences were predicted. When the entire gene sequence was uploaded, two ERE sequences were predicted in the forward strand, and three were predicted in the reverse complement strand. To further investigate the relationship between ER and PTP4A2, we investigated the publicly available data originally published by Carroll et al. [52] . We utilized the 1E-5 Bed files of ER ChIP-on-chip corresponding to an FDR of ∼1 % and input the data into the UCSC Genome Browser (using the May 2004 version of the human genome as suggested [52] ). No binding sites for ER were identified on PTP4A2. However, no PR data set has been made available to analyze for the presence of PTP4A2 binding. These results encouraged the investigation of a novel relationship between PTP4A2 expression and steroid receptor status of a human breast cancer biopsy. We tested this possibility using MCF-7 breast cancer cells. After 24 h serum starvation, cells were treated with 10 nM estradiol-17β for either 6 or 24 h. While qPCR analysis of the cell samples showed that estradiol-17β caused a transient increase in PR gene expression, no such effect was observed for PTP4A2 ( Supplementary Fig. 13 ). In addition, our preliminary experiments using siRNA to silence ER expression also had no effect on PTP4A2 levels (data not shown). Thus, it is unlikely that PTP4A2 expression is regulated directly by ER, at least in these settings.
Discussion
Recently, the PTP4A2 enzyme was implicated in oncogenesis and in established cancers in a variety of organs, presumably due to its cell signaling activities that play roles in critical cellular processes. PTP4A2 (also known as PRL-2) is a PTP that is typically associated with the plasma membrane and early endosome through its c-terminal prenylation [43] . Its function remains unclear; however, several studies suggested its involvement in cell cycle control [43, 48, 53] . Overexpression of PTP4A2 appears to be associated with transformation of mouse fibroblasts and pancreatic epithelial cells and promotion of tumor growth in nude mice [33] . Another member of this family (PTP4A3/PRL-3) was significantly upregulated in metastatic colorectal cancer and neoplastic breast cells; however, no difference was found for PTP4A1/PRL-1 and PTP4A2 expression levels [33, 43] . Strikingly, overexpression of PTP4A2 appears to enhance mammary tumorigenesis in mice [48] , and it is suggested to regulate tumor cell migration and invasion in human lung cancer cells through an ERK-dependent signaling pathway [54] . Recently, characterization of knockout mice suggested a role for PTP4A2 in the PTEN/AKT pathway [55] . It will be interesting to test these knockout mice in several breast cancer models. Nevertheless, the expression and role of PTP4A2 in particular warrant further investigation using refined systems to study the enzyme in breast carcinoma.
To address this need, we approached the problem first by taking advantage of the unique, de-identified human breast carcinoma specimens in the IRB-approved biorepository that we established during the past 35 years that is complemented by a comprehensive database containing de-identified information regarding tumor marker status as [4, 18, 56] . The advantage of this data set is the combined power of global gene expression profiles (∼22,000 genes) and the use of LCMprocured carcinoma cell populations. The utilization of laser capture microdissection allowed nondestructive removal of contaminating cell types that may influence downstream analyses. This extensive data set with the associated clinical follow-up provides a unique resource for identifying specific genes or gene combinations that may alter breast cancer progression and response [16, 56, 57] . Few previous studies suggested that PTP4A2 expression was correlated with tumor formation, migration, and invasion in cell lines and mouse models [33, 48, 54] and was elevated in primary breast tumors relative to normal breast tissues [48] . However, these studies did not investigate the relationship of PTP4A2 gene expression and the levels of breast cancer biomarkers ER and PR nor the association of the enzyme and biomarkers with breast cancer behavior. Several studies in breast cancer cell lines described genes associated with either ER or PR [58] [59] [60] [61] [62] [63] [64] , but none of these studies reported results suggesting that PTP4A2 was an ERor PR-regulated gene.
Since these investigations utilized breast cancer tissue biopsies composed of heterogenous cell populations, our study focused on a more definitive approach for examining PTP4A2 expression in human breast tissue biopsies. Homogeneous populations of breast carcinoma cells were isolated by LCM from 247 human breast cancer biopsies collected under standardized, stringent conditions prior to determination of PTP4A2 expression assessed by microarray. PTP4A2 expression was corroborated by qPCR and its relationship to estrogen and progestin receptor levels was determined. Overall and disease-free survival of breast cancer patients was more favorable (p=0.012 and p=0.002, respectively) when expression of PTP4A2 in breast carcinomas was above the median level compared to biopsies with PTP4A2 levels below median expression. PTP4A2 expression determined either by microarray or qPCR was elevated in either ER-positive or PR-positive breast cancer biopsies compared to ER-negative or PR-negative biopsies suggesting an association between the presence of sex steroid hormone receptors in a breast cancer and the regulation of PTP4A2 gene expression. Furthermore, when the comprehensive clinical follow-up of breast cancer patients was examined with regard to PTP4A2 expression and ER or PR status of the breast cancer biopsy, only overall survival in PR positive breast carcinomas was statistically significant. While these data collectively suggest that PTP4A2 mRNA expression alone may serve as a biomarker for predicting a breast cancer patient's risk of recurrence and overall survival regardless of sex hormone receptor status, PTP4A2 status of a PR+ breast biopsy identifies patients exhibiting different clinical courses. Our results also support the suggestion of Stephens et al. [53] that PRL phosphatases, particularly PTP4A2, are candidate molecular targets for the design and development of new breast cancer therapeutics.
It is not surprising that PTP4A2 may have dual roles in certain carcinomas since the protein product is reported to interact with the beta subunit of Rab geranylgeranyltransferase II functioning as a regulator of its activity. For example, genetic ablation of PTP1B, another member of the PTP family, in mice has been shown to delay mammary tumorigenesis but accelerate lymphomagenesis [65] . Other examples of proteins that may play dual roles in tumorigenesis and metastatic spread include Nrf2 [66] and sirtuins [67] . Thus, it is likely that the cellular context and the stage of carcinoma progression (initiation vs. maintenance) will affect the functional properties of these proteins in relation to cancer. We propose that our findings warrant an expanded investigation of PTP4A2 expression as a biomarker of risk of breast cancer recurrence and survival, in a cooperative clinical trial setting.
Conclusions
This is the first investigation, to our knowledge, that utilizes LCM to procure homogeneous populations of carcinoma cells to explore the relationship of PTP4A2 expression with estrogen and progestin receptor levels for clinical behavior of human breast cancer. Our studies that were validated by qPCR strongly indicate that overexpression of PTP4A2 mRNA levels in carcinoma biopsies are correlated with disease-free and overall survival of patients independent of ER or PR status. A previous study demonstrated that PTP4A2 levels per se did not differ between normal and malignant breast cancer tissue [33] . However, our study highlights the importance of obtaining homogeneous populations of carcinoma cells for selection of candidate molecules and multivariable analysis in determining the prognostic value of a putative tumor marker. Collectively, our results suggest that PTP4A2 is a powerful biomarker predicting risk of recurrence of breast carcinoma and may be a novel molecular target for the design and development of new therapeutics.
